Abstract: This paper examines the impacts of off-farm employment on irrigation water 11 efficiency (IWE) with a set of household level data collected in Hebei Province in North 12
Introduction

22
Water is an essential input in grain production, but many countries and regions have witnessed 23 increased scarcity of water resources [1] . In China, water resources are not evenly distributed. North
24
China has less than one-quarter of the country's water endowment, although 11.30% of population 25 reside in the region [2] . In addition, in North China, more than 70% of its seasonal precipitation is 26 concentrated between June and September. With surface water resources largely diminished, 27 irrigation in North China relies heavily on groundwater, which has led to the rapid decline in water 28 tables in several areas. The decrease in groundwater level is especially alarming near Beijing in
29
Hebei province, which covers most of the Hai River Basin, one of nine major river basins in China
30
[3]. Over-pumping in this region has resulted in serious environmental consequences such as land 31 subsidence, intrusion of saline water into freshwater aquifers and deterioration of ecosystems [4] [5] [6] .
32
Increasing water scarcity is particularly challenging to the agricultural sector. Although the 33 government is still intent on maintaining high levels of food self-sufficiencies, it has decided that 34 agricultural use will not be given priority for any additional future allocations of water [7] .
35
Improving irrigation water efficiency (IWE) has often been proposed as a solution to water shortage 36 problems in North China as well as a critical measure for achieving sustainable irrigated agriculture 37 in the region [8] .
38
Studies have examined the relationship between irrigation water efficiency and other factors,
39
including farm household characteristics (e.g. age, education, family labor, income levels and access 40 to credit), land characteristics (e.g. farm size, degree of land fragmentation, soil quality and land 41 ownership) and households' access to other resources such as extension services and farm skills The literature that examines the impacts of migration on agricultural production efficiency 93 mostly focuses on output-oriented technical efficiencies, where lower levels correspond to less 94 efficient farming. Less research focuses on the impact of local off-farm employment on 95 input-oriented technical efficiency. Since technical inefficiency is a measure of management error 96 [19] , there are many potential ways that migration may affect technical efficiency. The most direct 97 impact of migration is the "lost-labor effect" [20] . The loss of labor reduces labor hours/days 98 allocated to agricultural production management, and it is difficult to substitute for the lost labor in 99 an imperfect market. Even when hired laborers are used, family laborers cannot be replaced because 100 family laborers are more committed and better incentivized [21] [22] . Migration also decreases family 101 labor flexibility, resulting in less effective labor input, so households with migration may have lower 102 efficiency than those who can allocate the same amount of labor and other inputs according to more 103 flexible scheduling [23] . The "quality" loss of labor via migration can affect farmers' use of 104 technology and management of other inputs, which results in lower IWE [14, 24] .
105
Migration also generates remittances that can infuse more capital into agricultural production,
106
bringing an "income effect". The New Economics of Labor Migration [20, 25] argues that remittances 107 grant households more liquidity and enable them to overcome credit and risk constraints in an 108 imperfect credit and insurance market. However, remittances can decrease farm efficiency when 109 offering an income that weakens the quality and intensity of work of other family members. Azam 
110
and Gubert found that remittances provided incentives to shirk and reduce the intensity of work as 111 other family members expect migrants to compensate them for any consumption shortfall [26] .
112
The 
132
Households' water resource management ability can be affected by off-farm employment 133 through "lost-labor effect" and "income effect". The "lost-labor effect" is not only about the 134 decreased number of laborers but the structural change resulting from the loss of qualified 135 agricultural laborers. The labor structure changes from more experienced and educated male 136 laborers to female, child and elderly laborers. This change can affect IWE because the loss of 137 experienced and well-qualified laborers can affect decisions on appropriate use of technology [15] .
138
The "income effect" of off-farm employment on IWE is two-sided. 
156
It is difficult to separate the impact of lost labor from that of additional income. One reason is technical efficiencies employed a two-step approach. In the first step, output technical efficiencies 166 are estimated along with production function parameters using the SFA model. In the second step, 167 estimated output technical efficiencies are regressed on potential factors that could influence them.
Since water is an input in agricultural production, studies on IWEs introduced an additional step to Due to the specific functional form of the production function that is appropriate for our data, 
181
In the input-oriented approach, the production function is written as y = f(xe -η ), where y denotes 
where yi is the output of i th farmer, j is the index for inputs and βs are the parameters of the 186 production function. The symmetric error term, vi, is assumed to be normally distributed as vi ~
187
Normal (0, σ 2 v). Rearranging equation (1) by subtracting the k th input, lnxik, from all the non-k input, 188 lnxim, gives:
The symbols m and k are both indices for inputs. Rearranging again by putting lnxik on the left
Equation (1b) can be re-expressed as an estimating equation:
where lnx′im = lnxim -lnxik, v′i = (-1/Σjβj )vi and αs are the parameters estimated in equation (2).
193
The production function parameters βs and αs are related by matching the parameters on the same 194 variable: α0 = (-1/Σjβj )β0, α1 = (-1/Σjβj), and αm = (-1/Σjβj )βm. Then estimated βs can be recovered from
195
estimated αs with these relationships: βm = α1*αm if m ≠ k, βm = Σjβj -Σm≠kβm = -1/α1 -Σm≠k (α1*αm ).
196
Standard errors of estimated βs are calculated using the delta method. The delta method is used to
197
derive the variance of the function of a random variable, often through Taylor approximation [40] .
198
Estimating equation (2) 
In equation (3), the mean of technical inefficiency, ηi, depends on a set of factors to be described 
215
The vector Hi includes a set of factors that measure household characteristics. Since labor and
216
water are both inputs used in agricultural production, the characteristics of household laborers are 
226
The agricultural assets value may influence water use efficiency since it reflects the extent of 227 agricultural technology, such as the use of plastic pipes to convey water, is used.
228
Variables that control for characteristics of land are included in Li. Farm size is measured by 229 total household land holding. The number of plots a household uses measures the degree of land 230 fragmentation. The more fragmented the land is, the more difficult it is for a household to irrigate all 231 the plots, and households may also be less likely to make investment such as sinking wells since they 232 cannot enjoy economies of scale. Soil quality is measured by a dummy variable that equals one if soil 233 quality of the land of a household is considered as good by the decision maker.
234
The vector Wi includes two water-related variables. As groundwater levels drop, it becomes 235 costlier to pump out groundwater. As water grows more expensive, it is expected that households
236
would try to improve water use efficiency [341] . The first variable is the depth of the well, which is 237 used as a proxy for water price in our model because it is closely related to the cost of pumping groundwater and thus reflects the price of water to a large extent. 
248
In addition to the specification in equation (3) 
The household, the decision maker for agricultural production activities, who was able to answer 313 detailed questions about local off-farm employment and migration, was selected as the respondent.
314
In our analysis, three groups of households were dropped due to missing data. The first group
315
includes 27 households that only use surface water, which is 10% of our sample. Information on the 316 key variable, the volume of water used, is missing. This is because households pay for surface water 317 on a per unit of land area. As a result, the volume of surface water used is not measured at the 318 household level. The surface water using households only take up 10% of our sample. 
326
The final sample has 227 households. 
340
Among the households with local off-farm employment, 52% of family laborers were involved in 341 local off-farm work. Averaged across all households (with or without off-farm employment), the 342 share of migrant workers in family laborers is 15% and the share of laborers working off-farm locally 343 is 36%. This is consistent with the recent trend that local off-farm employment has surpassed 344 migration to become the dominant off-farm activity in rural China.
345
The average share of elderly laborers in the households reaches nearly 38%, which reflects the 
1
Using the formula in previous studies [49] [50] [51] , the total amount of groundwater pumped is calculated as: Q= T×129.5741×BHP / [DEP+(255.5998×BHP 2 ) / (DEP 2 ×DIA 4 )] where Q is the volume of groundwater pumped in cubic meters, T represents total hours of pumping, BHP denotes the power of engine in horsepower, DEP is the depth of well in meters, DIA is the diameter in inches of pipe used with pumps. 
Results and discussions
357 Table 2 reports the estimated production function parameters βs in equation (1) . The
358
parameters βs are not directly estimated. Instead equation (2) (2) and (3) with the method of MLE and 2SLS is applied to equation (3). 
366
371
The coefficients for input factors, ( 
378
The average IWE for the entire sample is found to be 88.31%, which means that, at the observed 379 levels of other inputs and the same production technology, the same level of output can be produced 380 with 11.69% less irrigation water.
381
The sample area shows a high IWE relative to others. 
388
This means farmers in Greece are less focused on agricultural production.
389
Another difference is that Hebei is among the most water scarce area in China and worldwide.
390
In Hebei, irrigation water efficiency is generally higher in more water-scarce sub-areas. Tanner 405 Table 3 reports coefficients for the determinants of IWE (Table 3 , column (2) and (4)). Notably,
406
the negative sign of coefficients indicates a positive relationship between IWE and variables under 407 consideration, since the one-step approach measures the factors influencing technical inefficiency.
408
The results provide evidence to support the income effect on IWE. Other things held constant, a one
409
percentage point increase in the share of family laborers working locally leads to IWE increase by 410 13.98%. One reason is that remittance from off-farm income alleviates the credit constraints 411 experienced by rural households. Off-farm income can be used to finance irrigation investment and
412
to get better access to irrigation technologies, which helps farmers obtain higher irrigation efficiency.
413
Our result is in line with previous findings that time spent on farming has significantly negative 414 impact on IWE and there is a significant positive relationship between income and IWE [13]. 
415
422
Among the characteristics of household laborers and decision makers, the share of elderly 
465
Since households with off-farm employment are more interested in using irrigation technologies 
